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IMAGE READING APPARATUS AND IMAGEL
CONTROL METHOD OF IMAGE READING

APPARATUS, AND STORAGE MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present imnvention relates to an 1image reading appara-
tus, a control method of an 1image reading apparatus, and a
storage medium.

2. Description of the Related Art

Conventionally, there 1s an 1image reading apparatus that
determines whether 1image data in a read document 1s color
image data or monochrome 1image data. By performing such
determination, the 1mage reading apparatus can use, when
performing 1mage processing, parameters according to the
type of image data. High image quality can thus be realized in
the 1mage to be processed.

Further, a conventional 1image reading apparatus conveys
the document mounted on a document mounting unit and
reads the image 1n the conveyed document. Among such
image reading apparatuses, there 1s an 1image reading appa-
ratus that reads the 1images on two sides of the document (1.¢.,
a front s1de and a back side) in one conveyance process. It thus
becomes unnecessary in such an image reading apparatus to
read the document 1n two separate conveyance processes, 1.€.,
the process for conveying the front side of the document and
the process for conveying the back side of the document. As
a result, time required for conveying the document can be
reduced.

For example, Japanese Patent Application Laid-Open No.
2001-3205577 discusses a configuration in which reading sen-
sors for reading a two-sided document are disposed at a
position facing the front side and a position facing the back
side respectively. Both sides of the document can thus be read
1N ONe Conveyance process.

However, the image reading apparatus which reads the
document while conveying the document reads, when reading

the document after causing the document to pass through a

curved document conveyance path. The 1image reading appa-
ratus may thus be unable to correctly determine the document
due to vibration generated when conveying the document.

Such a problem will be described 1n detail below with
reference to an image reading apparatus illustrated in FIGS.
11A and 11B. Referning to FIGS. 11A and 11B, the image
reading apparatus conveys a document 102, using convey-
ance rollers 109, 110, 111, and 112, and reads the document
102 using a reading unit 114.

FIG. 11A 1illustrates a state in which a leading end portion
of the document 102 that 1s conveyed by being greatly bent,
has reached a reading position of the reading unit 114. In such
a state, the conveyance roller 112 1s not 1involved 1n the con-
veyance process, so that conveyance control of the document
102 1s performed by only the conveyance rollers 109,110, and
111.

Further, FIG. 11B also 1llustrates a state where a trailing
end portion of the document 102 1s to be read by the document
102 being greatly bent. Since the conveyance roller 109
becomes umnvolved 1n performing conveyance control in
such a state, the conveyance process 1s performed by only the
conveyance rollers 110, 111, and 112.

When the image reading apparatus reads the leading end
and the trailing end portions of the document 102 as described
above, shift and distortion that are difficult to estimate are

the front side of the document, an 1image on the front side of
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generated in performing conveyance control. This 1s different
from when the image reading apparatus conveys other regions
of the document 102.

As a result, the read 1image data acquired 1n the above-
described states may not become correctly read values for
cach pixel.

In particular, when a charge-coupled device (CCD) 1s
employed as a reading device, a reading line position for each
color component 1s different. The reading value of each com-
ponent for the pixel may thus not be correctly acquired even
when values between the lines of the sensor corresponding to
the color components are corrected.

As described above, when one reading sensor reads one
side of the document, color information of a predetermined
region included 1n a front side of the document may not be
correctly read. This 1s due to the positions 1n which the read-
ing sensors are disposed and the curved shape of the docu-
ment conveyance path. The predetermined region 1s, for
example, the leading end and the trailing end portions of the
document with respect to a conveying direction thereof.

To solve such a problem, the predetermined region posi-
tioned at the leading end portion of the document to be read by
the front side reading unit may not be set as a region for
determining the color. In such a case, 1 a color pixel 1s
included 1n the predetermined region, the document may not
be correctly determined as a color document. For example,
such a case may occur when the region other than the prede-
termined region 1n the document 1s a monochrome image.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an image
reading apparatus includes a first reading unit, a second read-
ing unit, and a determination unit. The first reading unit reads
an 1mage on a first side of a document conveyed through a
document conveyance path. The second reading unit 1s dis-
posed 1in the document conveyance path at a reading position
that 1s different from a reading position of the first reading
unit and reads an 1image on a second side that 1s different from
the first side on the document. The determination unit deter-
mines whether the document 1s a color document, according
to whether a color 1mage 1s included 1n an 1mage in a prede-
termined region of the first side read by the first reading unat,
and 1n an 1mage 1n a region that 1s different from the prede-
termined region 1n the first side and read by the second read-
ing unit.

Further features and aspects of the present ivention will
become apparent from the following detailed description of

exemplary embodiments with reference to the attached draw-
ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

-

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the mvention and,
together with the description, serve to explain the principles
of the invention.

FIGS. 1A and 1B illustrate configurations of an image
reading apparatus according to an exemplary embodiment.

FIG. 2 1s a block diagram 1llustrating a configuration of a
processing circuit that performs color determination of a
document according to an exemplary embodiment.

FIG. 3 1llustrates a process for reading a document accord-
ing to an exemplary embodiment.
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FIG. 4 1s a flowchart illustrating a reading process per-
tormed by a contact image sensor (CIS) reading unit 106 (first

reading sensor) according to an exemplary embodiment.

FIG. 5 1s a flowchart 1illustrating a reading process per-
formed by a CCD reading unit 114 (second reading unit)
according to an exemplary embodiment.

FIGS. 6 (6A, 6B, and 6C) 1s a flowchart illustrating a
process for deciding on a color determination region and a
color determination process according to an exemplary
embodiment.

FIG. 7 1s a flowchart 1llustrating a process for deciding on
a color determination region and a color determination pro-
cess according to an exemplary embodiment.

FI1G. 8 1s a flowchart 1llustrating a process for performing a
final color determination of a document according to an
exemplary embodiment.

FIGS. 9A and 9B 1illustrate light quantity control of light
sources according to an exemplary embodiment.

FIGS. 10A and 10B 1illustrate states of document convey-
ance according to an exemplary embodiment.

FIGS. 11A and 11B 1illustrate states of document convey-
ance according to an exemplary embodiment.

FIGS. 12A and 12B illustrate states of document convey-
ance according to an exemplary embodiment.

FIG. 13 illustrates a region 1n a document on which color
determination 1s performed when reading two sides of the
document according to an exemplary embodiment.

FIGS. 14A and 14B 1llustrate a region 1n a document on
which color determination 1s performed when reading one
side of the document according to an exemplary embodiment.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described 1n detail below with reference
to the drawings.

FIGS. 1A and 1B illustrate example configurations of an
image reading apparatus according to a first exemplary
embodiment. Referring to FIGS. 1A and 1B, the image read-
ing apparatus includes a two-sided reading function for read-
ing a front side and a back side of a document 1n one convey-
ance process. Further, the image reading apparatus according
to the present exemplary embodiment performs document
color determination, 1.¢., determines whether the image in the
tront side or the back side of the document 1s a color 1image or
a monochrome 1mage.

The 1image reading apparatus includes two reading sensors
for reading the document to be read, and each sensor is
disposed at a position facing the front side or the back side of
the document respectively. Further, the image reading appa-
ratus 1ncludes two reading modes, 1.e., a one-sided reading,
mode and a two-sided reading mode.

In the two-sided reading mode, the 1mage reading appara-
tus reads the two-sided document by reading the back side of
the document using one sensor (1.e., a CIS reading unit 106),
and the front side of the document using the other sensor (i.e.,
a CCD reading unit 114). In other words, each sensor func-
tions as a reading unit for reading the information in the
document. Further, the image reading apparatus determines
whether the document 1s a color document 1 which each of
the front side and the back side of the document includes
color, or a monochrome document 1n which each of the sides
does not include color.

On the other hand, in the one-sided reading mode, the
image reading apparatus reads using a sensor (1.e., a CIS
reading unit 106) to read from the back of the document, an
offset image 1n the leading end and the trailing end portions of
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the front side of the document. Further, the other sensor (1.¢.,
a CCD reading unit 114) reads the front side of the document
from the front of the document. The image data in the leading
end and the trailing end portions of the document which 1s
acquired by the CIS reading unmit 106, 1s used for color deter-
mination, 1.e., whether the image data includes color.

The image data acquired by the CCD reading unit 114 1s
employed 1n digitization of the document and 1n determining
whether there 1s color data in the portions other than the
leading end and the trailing end portions of the document.

The image reading apparatus thus determines whether the
document 1s a color document based on the two color deter-
mination results.

The image read by the image reading apparatus 1s stored 1n
a hard disk drive (HDD, not illustrated) therein, and 1s dis-
played on a display unit (not 1llustrated) or transmitted to an
external device via a network. If the image reading apparatus
1s connected to a printing apparatus such as a printer, the
image read by the image reading apparatus may be transmit-
ted to and printed by the printing apparatus.

The above-described color document 1s a document that
includes color of a predetermined value or more, and the color
document does not necessarily mean that a document includ-
ing even a color pixel 1s determined to be a color document.

The configuration of the image reading apparatus will be
described below. The problem arising when a process 1s not
performed in the one-sided reading mode according to the
first exemplary embodiment, and details of the operations to
be performed will also be described below.

(Configuration of the Image Reading Apparatus)

FIG. 1A illustrates a mechanical configuration of the image
reading apparatus according to the first exemplary embodi-
ment.

Referring to FIG. 1A, an auto document feeder (ADF) 100,
1.€., a reading apparatus, conveys each page of the mounted
document 102 along the conveyance path and reads the con-
tent of the document.

Each of the components in the reading apparatus 100 1s
clectrically connected to a control unit 120 to be described
below. The control unit 120 controls the operations of the
reading apparatus 100.

The reading apparatus 100 includes a document mounting,
unit 101 on which the document 102 1s mounted. The user
places the document 102 on the document mounting unit 101,
and the reading apparatus 100 conveys the document 102
through the reading apparatus 100 and acquires 1image 1nfor-
mation of the document 102.

The document 102 1s generally mounted on the document
mounting unit 101 so that the front side 1s facing upwards in
FIG. 1A. The reading apparatus 100 acquires the contents
such as diagrams and character strings written on the docu-
ment 102 as the image data, and performs color determination
on the acquired image data of the document.

The document 102 1s moved along a conveyance path (1.e.,
a document conveyance path) 103 in the reading apparatus
100. The conveyance path 103 1s usually curved due to down-
s1zing or the mechanical configuration of the reading appa-
ratus. The document 102 1s thus moved along the curved
conveyance path 103.

A document feed roller 104 picks up and places on the
conveyance path 103, each page of the document 102
mounted on the document mounting unit 101. An end portion
detection sensor 105 detects the leading end and the trailing
end portions of the document image data. When the document
102 1s conveyed on the conveyance path 103, the end portion
detection sensor 103 detects the time point at which the lead-
ing end portion of the document 102 with respect to a docu-
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ment conveying direction reaches the position of the end
portion detection sensor 105. The end portion detection sen-
sor 105 also detects the time point at which the trailing end
portion of the document 102 passes through the position of
the end portion detection sensor 103.

The end portion detection sensor 105 then notifies a control
device (heremnafter referred to as a control unit) that controls
the entire reading apparatus, by transmitting a detection sig-
nal 1.e., a level signal or an interrupt signal. The electrical

connection of the control unit 120 1n the reading apparatus
100 will be described below with reference to FIG. 1B.

The CIS reading unit 106 reads the light recerved from the
back side of the document 102 and acquires information
thereol. The CIS reading unit 106 is configured of a contact

1mage sensor.
The CIS reading unit 106 1s disposed within the ADF 100

at a position for reading the light reflected from the back side
of the document. Further, the CIS reading umit 106 1s disposed
so that the document reading position 1s different from that of
the CCD reading unit 114 to be described below at an arbi-
trary time.

Furthermore, the CIS reading unit 106 1s a line sensor that
reads a line of the conveyed document 102 1n a width direc-
tion. If the image reading apparatus 100 1s capable of reading,
an A4 size document, the width of the CIS reading unit 106 1s
set so that the CIS reading unit 106 1s capable of reading the
A4 s1ze document.

A light source 107 supplies the light necessary for the CIS
reading unit 106 to read the document. The light source 107 1s
disposed on the back side of the document, similarly as the
CIS reading unit 106. The light source 107 1s a light emitting
diode (LED) that allows the reading operation to be per-
tormed by the CIS reading unit 106.

When the CIS reading unit 106 1s to read the document, the
light source 1077 emits light to the document. The CIS reading
unit 106 then reads the light reflected from the back side of the
document 102. A white plate 108 which 1s used to acquire a
retference level of the CIS reading umit 106 1s attached as a
strictly supervised reference of the reading value of the read-
Ing apparatus.

In a case where the CIS reading unit 106 1s to read the color
information of the document, the CIS reading unit 106
changes 1lluminant colors of the LED to red, blue, and green.
Further, the CIS reading unit 106 can increase a quantity of
light emitted from the light source 107 and read the light that
1s transmitted through the document. More specifically, the

light source 107 emits the light that 1s transmitted through the
document 102, then reflected from the white plate 108, then
transmitted through the document 102, and read by the CIS
reading unit 106.

The conveyance rollers 109, 110, 111, and 112 convey the
document 102 along the conveyance path 103. The control
unit 120 performs control so that each of the conveyance
rollers 109, 110, 111, and 112 1s moved in synchronization
with each other. The document 102 1s thus sequentially con-
veyed to each of the reading positions of the CIS reading unit
106 and the CCD reading unit 114.

In other words, the conveyance rollers 109, 110, 111, and
112 cause the document 102, the CIS reading unit 106, and
the CCD reading unit 114 to relatively move 1n a moving path

along the conveying path 103. As aresult, the CIS reading unit
106 or the CCD reading unit 114 can read a side of the

document 102 that passes through each of the reading posi-
tions.

A glass plate 113 1s a stage on which the user mounts the
document 102 when ADF 1s not used to read the document.
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When the user mounts the document 102 on the document
mounting unit 101 so that the front side faces upwards, the
CCD reading unit 114 reads the front side of the document
102 that 1s conveyed and has reached the reading position.
The CCD reading unit 114 then acquires the read side of the
document 102 as information. The CCD reading unit 114 1s
disposed below the glass plate 113 at a position for reading
the light reflected from the front side of the document 102,
1.€., the light received from the front side of the document 102.

The CCD reading unit 114 1s a sensor including three lines
corresponding to red, blue, and green colors respectively. A
light source 115 emits white light to the document, and each
line sensor reads each color component. As a result, the CCD
reading unit 114 acquires the color information of the docu-
ment.

A white plate 116 1s used to acquire a reference level of the
CCD reading unit 114 as a strictly supervised reference of the
reading value of the reading apparatus. A sheet discharge

roller 117 outputs the read document 102 to a sheet discharge
tray 118.

An electrical configuration of the reading apparatus 100
will be described below with reference to FIG. 1B. Each
component in the reading apparatus 100 1s electrically con-
nected to the control unit 120. The control unit 120 1s capable
ol receiving notification from and issuing an instruction to
cach component. The control unit 120 thus mainly 1nstructs
cach component 1n the reading apparatus 100 to perform
operations.

Each component in the reading apparatus 100 starts to
operate by recerving an operation start istruction from the
control umt 120, and performs an operation based on the
parameters transmitted to each component from the control
umt 120. Each component stops operating by recerving an
operation stop 1nstruction from the control unit 120. Further,
the control unit 120 1s connected to a processing circuit 121
that performs color determination, and controls the light
sources. The light sources 107 and 115 are also connected to
the processing circuit 121.

A memory (not illustrated) 1n the control unit 120 stores
programs for controlling the control unit 120 and the process-
ing circuit 121, that are necessary for executing the processes
illustrated 1n FIGS. 3, 4, 5, 6, 7, and 8 to be described below.
The control unit 120 and the processing circuit 121 thus
operate, and the processes illustrated in F1GS. 3,4, 5,6, 7, and
8 are performed, by the programs being developed and
executed by a central processing umt (CPU) 1n the control
unit 120.

The processing circuit 121 determines whether the docu-
ment 1s a color document or a monochrome document, based
on the document 1mage data of the document 102 read by the
CIS reading unit 106 and the CCD reading unit 114.

Further, when the reading apparatus 100 reads the docu-
ment, the processing circuit 121 controls turning on and oif
and the quantities of light emitted from the light sources 107
and 115, according to the instruction {from the control unit
120. Furthermore, the processing circuit 121 stores in the
HDD (not illustrated) or transmits to an 1mage forming pro-
cessing unit (not 1llustrated) for printing, the document image
data that the CIS reading unit 106 and the CCD reading unit
114 read from the document 102, as electronic document.

The control umt 120 performs such storing and printing
according to the instructions received from the user using an
operation unit 122 to be described below. The 1mage data
once stored 1n the HDD may be read out from the HDD and
printed according to the user instruction receirved via the
operation unit 122.
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The operation unit 122 can be used by the user to input an
instruction to start reading, and whether the document 1s a
one-sided document or the two-sided document. For
example, the operation unit 122 includes a touch panel, and
the user selects a button or an 1con displayed on a screen to
input the selected information to the control unit 120. The
user thus sets the read start imnstruction and whether the docu-
ment 1s the one-sided document or the two-sided document.
The setting of whether the document 1s the one-sided docu-
ment or the two-sided document 1s then stored 1n a memory
(not illustrated).

A configuration of a determination unit that performs color
determination of the document 1image data using the above-
described control unit 120 and the processing circuit 121
according to an exemplary embodiment will be described
below with reference to FIG. 2.

According to the first exemplary embodiment, when the
reading apparatus 100 1s to read a one-sided document, the
control unit 120 divides one side of the document 102 1nto a
plurality of regions. The control umt 120 then selectively
applies the CIS reading unit 106 and the CCD reading unit
114 to at least one of the plurality of divided regions, and
performs color determination.

Further, when the reading apparatus 100 1s to read a two-
sided document, the control unit 120 reads the back side of the
document using the CIS reading unit 106 and the front side
using the CCD reading unit 114. The control unit 120 then
performs color determination based on the each of the read
information.

The components 1n the circuit connected by arrows 1llus-
trated 1n FIG. 2 are connected, and electric signals including
predetermined information are transmitted 1n a direction 1ndi-
cated by the arrow. Further, each component in the processing
circuit 121 1s capable of recerving the signal from the control
unit 120.

A Tront side light source lighting control umit 201 performs

lighting control of the light source 115 that becomes neces-
sary in reading the front side of the document. The front side
light source lighting control unit 201 outputs a light source
lighting control signal 202.
Image data 203 1s the image data read by the CCD reading,
unit 114. A front side image data input interface (I/F) unit 204
controls the 1image data 203. A front side 1image processing
unit 205 performs shading correction using the reading value
of the white plate 116 as reference, and converts the read
image data 1n a device-dependent color space to image data 1n
a normalized color space (e.g., sSRGB space).

A front side image data output intertace (I/F) unit 206
sequentially outputs the image data processed by the front
side 1mage processing unit 203. The output document 1mage
data 1s stored in a memory in the reading apparatus.

When the document 1s to be copied, the image data 1s read
out from the storing unit. Image processing 1s then performed
on the image data according to an output device (1.e., arecord-
ing device, €.g., a laser beam printer and an inkjet printer) that
configures a multifunction peripheral, and the processed
image data 1s output on a printing medium. In a case where the
document 1s to be converted to an electronic document, char-
acter recognition such as optical character recognition (OCR)
and 1mage processing 1s performed on the image data to create
data of an electronic file object.

A front side reading region document determination unit
207 1s used for performing color determination of a front side
reading region. More specifically, the front side reading
region document determination unit 207 refers to a position of
the image data output from the front side image data input I/'F
unit 204, and determines whether the position corresponds to
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an 1mage data region to be used 1n color determination. The
front side reading region document determination unit 207
then outputs the 1image data to be used in color determination
as 1mage data 208.

A Tront side document determination unit 209 acquires
color difference information (1.¢., chromatic information) for
all pixels 1n the input image data, based on the acquired image
data 208. The front side document determination unit 209
then accumulates the color difference information, and deter-
mines whether the image data 208 1s color 1image data or
monochrome 1mage data, based on whether the accumulation
result reaches a predetermined value set by the control unit
120.

In the case of the one-sided reading mode, the front side
document determination unit 209 stores in a memory therein,
two color determination results. One color determination
result 1s based on the image data 208, i.e., the information
acquired by the CIS reading unit 106 reading a predetermined
region 1n one side of the document 102. The other color
determination result 1s based on 1image data 217, 1.e., infor-
mation acquired by the CCD reading unit 114 reading a
predetermined region i one side of the document 102.

More specifically, 1in the one-sided reading mode, one side
(1.e., front side) of the document 1s read by two sensors, 1.€.,
the CIS reading unit 106 and the CCD reading unit 114, so
that the two color determination results are stored. In contrast,
in the two-sided reading mode, the color determination result
based on the 1image data 217, 1.e., the information acquired by
the CCD reading unit 114 reading a predetermined region in
one side of the document 102, 1s stored in the memory (not
illustrated). The control unit 120 then refers to the stored
determination result, and determines whether the document
102 1s a color document.

A back side light source lighting control unit 210 performs
lighting control of the light source 107 that becomes neces-
sary when reading the back side of the document. The back
side light source lighting control unit 210 outputs a light
source lighting control signal 211.

Image data 212 1s the image data read by the CIS reading
umt 106, and a back side image data mput I'F unmt 213
controls the image data 212. A back side image processing
umt 214 performs shading correction using the reading value
of the white plate 108 as reference, and converts the read
image data 1n the device-dependent color space to the image
data 1n the normalized color space. A back side image data
output I’F unit 215 sequentially outputs the image data pro-
cessed by the back side image processing unit 214.

A back side reading region document determination unit
216 1s used for performing color determination of a back side
reading region. More specifically, the back side reading
region document determination unit 216 refers to a position of
the image data output from the back side input image data I/F
unit 213, and determines whether the position corresponds to
the 1mage data region to be used 1n color determination.

The back side reading region document determination unit
216 then outputs the 1mage data to be used 1n color determi-
nation as the image data 217. In the case of the one-sided
reading mode, the image data 217 becomes the image data
region read by the CIS reading unit 106 for determining the
leading end portion and the trailing end portion of the front
side of the document 102. In the case of the two-sided reading
mode, the image data 217 becomes the image data region read
by the CIS reading unit 106 for determining the back side of
the document 102.

A back side document determination unit 218 refers to the
image data 217, and acquires color difference information
(1.e., chromatic information) for all pixels of the input image
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data. The back side document determination unit 218 then
accumulates the color difference information, and determines
whether the 1image data 217 1s color 1mage data or mono-
chrome 1mage data based on whether the accumulation result
reaches a predetermined value set by the control unit 120.

The back side document determination unit 218 outputs a
determination signal 219 that indicates whether the image
data 1s color image data or monochrome 1mage data. In the
one-sided reading mode, the back side document determina-
tion unit 218 outputs the determination signal 219 to the front
side document determination unit 209. In the two-sided read-
ing mode, the back side document determination unit 218
stores the determination result 1n a memory therein.

The processes for reading the document and performing,
color determination according to an exemplary embodiment
realized by the above-described configuration will be
described below. The process will be described below with
reference to FIGS. 3, 4, 5, 6, 7, and 8 that illustrate control
flows, and FIGS. 10A, 10B, 11A, 11B, 12A, and 12B that
illustrate states of the document 102 being conveyed.

(Document Reading Operation)

A reading process performed by the reading apparatus 100
will be described below with reference to FI1G. 3. Each step in
the flowchart i1llustrated in FIG. 3 1s realized by the CPU (not
illustrated) included 1n the control unit 120 executing a pro-
gram read out from a memory (e.g., a read-only memory
(ROM)) 1n the control unit 120.

Referring to FIG. 3, the components 1n the reading appa-
ratus 100 starts conveying the document according to an
instruction from the control unit 120. The CIS reading unit
106 and the CCD reading unit 114 read the document as the
document 1s conveyed, and color determination 1s performed
based onthe read content. Each step will be described in detail
below.

The user mounts the document 102 on the reading appara-
tus 100 and uses the operation unit 122 to nstruct the reading,
apparatus 100 to start the reading operation. The control unit
120 in the apparatus according to the present exemplary
embodiment then starts performing reading control. In step
S101, the control unit 120 mstructs conveying of the docu-
ment to be started.

In step S104, the sheet feed roller 104 and the conveyance
rollers 109, 110, 111, and 112 are driven by the control unit
120 to convey the document along the conveyance path 103.
At the same time, the control unit 120 recognizes using the
end portion detection sensor 105 that the document 102 has
reached the reading start position of the CIS reading unit 106.

In step S102, upon recognizing that the document 102 has
reached the reading start position of the CIS reading unit 106,
the control unit 120 instructs the CIS reading unit 106 to start
reading the document 102. In step S105, the CIS reading unit
106 then reads a predetermined region of the document. Such
a process will be described below with reference to FIG. 4.

The control unit 102 then recognizes using the end portion
detection sensor 105 that the document 102 has reached the
reading start position of the CCD reading unit 114. In step
S103, when the document 102 has reached the reading start
position of the CCD reading unit 114, the control unit 120
instructs the CCD reading unit 114 to start reading the docu-
ment 102. In step S107, the CCD reading unit 114 reads a
predetermined region of the document. Such a process will be
described below with reference to FIG. 5.

In step S106, the back side reading region determination
unit 216 decides on, based on the information read by the CIS
reading unit 106 1n step S105, a determination region for
performing color determination of the document. The back
side document determination unit 218 then determines
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whether the color determination region 1s a color region or a
monochrome region. Such a process will be described below
with reference to FIG. 6.

In step S108, the front side reading region determination
unmt 207 decides on, based on the information read by the
CCD reading unit 114 1n step S107, a determination region
for performing color determination of the document. The
tront side document determination unit 209 then determines
whether the color determination region 1s a color region or a
monochrome region. Such a process will be described below
with reference to FIG. 7.

The control unit 120 then determines, based on the deter-
mination results acquired in step S106 and step S108, whether
the document 102 1s a color document or a monochrome
document. Such a process will be described below with ret-
erence to FI1G. 8.

The document reading operation performed by the CIS
reading unit 106 in step S105 illustrated in FIG. 3 will be
described 1n detail below with reference to FIG. 4. FIG. 4 1s a
flowchart illustrating a process performed by the CIS reading
unit 106 and the light source 107, controlled by the control
unmit 120. Each step 1n the flowchart illustrated 1n FIG. 4 1s
realized by the CPU (not illustrated) included 1n the control
unit 120 executing a program read out from a memory (e.g., a
ROM) 1n the control unit 120.

In step S201, the user designates, using the operation unit
122, the reading operation mode. If the user designates the
one-sided reading mode (1.e., front side reading mode) as the
reading operation mode (YES 1n step S201), the control unit
120 then starts performing one-sided reading control. The
process proceeds to step S209.

In step S209, the control unit 120 instructs the sheet feed
roller 104 to pick up the document 102 mounted on the
document mounting unit 101, and place the document 102 on
the conveyance path 103. Upon receiving the mstruction, the
sheet feed roller 104 picks up the document 102, and places
the document 102 on the conveyance path 103. The sheet feed
roller 104 then conveys the document 102 to the reading start
position 1 which the CIS reading unit 106 can read the
document.

FIG. 10A 1illustrates a state in which the document 102
mounted on the document mounting unit 101 1s picked up and
placed on the conveyance path 103 by the sheet feed roller
104.

The sheet feed roller 104 thus sequentially conveys the
document 102 1n the conveying direction. In step S210, 1t 1s
determined whether the leading end portion of the document
102 conveyed by the sheet feed roller 104 has reached the end
portion detection sensor 105. I the leading end portion of the
document 102 has reached the end portion detection sensor
105 (YES 1n step S210), the end portion detection sensor 105
outputs a signal to the control unit 120 indicating that the
document 102 has reached such a position. FIG. 10A 1llus-
trates the above-described state.

A conveyance level (1.e., a conveyance speed) of the docu-
ment 102 by the drive control performed on the sheet feed
roller 104 1s defined by a number of steps a motor 1s driven by
the control unit 120. More specifically, after the document
102 reaches the end portion detection sensor 105, the control
unit 120 can determine an amount by which the motor1s to be
driven so that the leading end portion of the document 102
reaches the reading position of the CIS reading unit 106.

I1 the leading end portion of the document 102 reaches the
end portion detection sensor 105 by the drive of the sheet feed
roller 104 (YES 1n step S210), the process proceeds to step
S211. Instep S211, the control unit 120 nstructs the back side
light source lighting control unit 210 to start performing
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lighting control. As a result, when the leading end portion of
the document 102 reaches the end portion detection sensor
105 by the motor being driven by a predetermined number of
steps, the lighting source 107 for lighting the back side of the
document 1s turned on.

The quantity of light emitted from the light source 107
which 1s turned on in step S211 1s controlled to become
greater than the quantity of light for reading the back side of
the document 102 when both sides of the document 102 1s to

be read. The light quantity 1s controlled as described above so
that the CIS reading unit 106 reading the leading end portion
ol the front side of the document 102 can correctly acquire the
document 1mage data using the transmaitted light.

The light quantity also depends on paper type of the docu-
ment 1mage data. A maximum light quantity 1s thus deter-
mined as a value according to the paper type instructed by the
user using the operation unit 122.

As described above, a reading unit that 1s used for reading
the back side of the document by receiving the reflected light
from the back side and reading the content of the back side, 1s
used for reading the content of the front side. The reading unit
reads the content of the front side by reading the light trans-
mitted from the front side to the back side of the document.
Color determination can thus be performed by effectively
using the reading unat.

FIG. 10B illustrates a state where the document 102
reaches the back side reading position by drive of the sheet
teed roller 104. The control unit 120 then starts performing
reading control of the back side image data.

In step S212, the light source 107 emits light to the back
side of the document 102, and the CIS reading unit 106 reads
the 1mage data. In step S213, the document 1s conveyed, and
the CIS reading unit 106 continues to read the leading end
portion of the document 102 1n synchronization with convey-
ance control.

A range of the leading end portion of the document read by
the CIS reading unit 106 corresponds to the region read by the
CCD reading unmit 114 that reads the front side of the docu-
ment, 1n which the image data 1s unstable due to conveyance
control. In other words, referring to the configuration 1llus-
trated mn FIG. 1 as an example, such a range 1s a region in
which the leading end portion of the document 102 cannot be
regularly conveyed by the conveyance rollers 109, 110, 111,
and 112. It becomes a region defined on the conveyance path
103 from the conveyance roller 112 to the conveyance roller
109.

Further, the leading end portion of the document 102
described above 1s an end portion with respect to a sub-
scanning direction perpendicular to a line to be read by the
line sensor 1n the CIS reading unit 106. The leading end 1s the
portion that 1s first conveyed with respect to the conveying,
direction of the document.

The control unit 120 can determine the conveyance speed
of the document 102 by drive control of the plurality of
conveyance rollers. The control unit 120 thus instructs con-
veyance control to be performed until the CIS reading unit
106 completes reading of the leading end portion of the docu-
ment 102. In step S214, the control unit 120 determines
whether the reading end position of the leading end portion of
the document 102 has been reached. If such a position has
been reached (YES instep S214), the process proceeds to step
S215. In step S215, the control unit 120 nstructs the light
source 107 to be turned off.

By the above-described control, the CIS reading unit 106
can read the leading end portion of the front side of the
document 102.
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The control unit 120 continues to sequentially perform
conveyance control of the document 102. When the leading
end portion of the document 102 reaches the conveyance
rollers 109, 110, and 111 (1.e., when the control unit 102 has
performed step control until the leading end portion of the
document 102 reaches the conveyance rollers), the control
unit 120 controls the document 102 to be conveyed using each
of the related conveyance rollers.

In step S216, after controlling the light source 107 to be
turned oif, the control umt 120 uses the plurality of convey-
ance rollers to perform conveyance control of the document
102. In step S217, the control unit 120 determines whether the
trailing end portion of the document 102 has reached the read
start position of the CIS reading unit 106. If the trailing end
portion has reached the read start position of the CIS reading
umt 106 (YES 1n step S217), the process proceeds to step
S218. In step S218, the control unit 120 again 1nstructs the
light source 107 to be turned on. The determination on
whether the trailing end portion of the document 102 has
reached the read start position 1 step S217 i1s based on
whether a predetermined step drive has been performed after
the end portion detecting sensor 105 has detected the leading
end portion.

The quantity of light emitted when the light source 107 1s
turned on at the trailing end portion reaching the read start
position 1s greater than the quantity of light emitted when both
sides ol the document 102 are to be read. It 1s desirable that the
light quantity 1s the same value as the light quantity when
reading the leading end portion of the document 102.

In step S219, the light source 107 emuits light to the docu-
ment 102, and the CIS reading unit 106 reads the image data.
In step S220, the CIS reading unit 106 continues to read the
predetermined trailing end portion of the document 102 in
synchronization with conveyance control.

A range of the trailing end portion of the document to be
read by the CIS reading umit 106 corresponds to the region in
which the image data, read by the CCD reading unit 114 that
reads the front side of the document, i1s unstable due to con-
veyance control.

In other words, referring to the configuration illustrated 1n
FIG. 1 as an example, such a range 1s a region 1n which the
trailing end portion of the document 102 cannot be regularly
conveyed by the conveyance rollers 109,110,111, and 112. It
becomes a region defined according to the distance from the
conveyance roller 112 to the conveyance roller 109.

Further, the trailing end portion of the document 102
described above 1s an end portion with respect to a sub-
scanning direction perpendicular to a line to be read by the
line sensor in the CIS reading unit 106. The trailing end
portion 1s later conveyed with respect to the conveying direc-
tion of the document.

The control unit 120 can determine the conveyance speed
of the document 102 by performing drive control of the plu-
rality of conveyance rollers. The control unit 120 instructs
conveyance control to be performed until the CIS reading unit
106 completes reading of the trailing end portion of the docu-
ment 102. In step S221, the control unit 120 determines
whether the reading end position of the trailing end portion
has been reached. If such a position has been reached (YES 1n
step S221), the process proceeds to step S222. In step S222,
the control unit 120 ends reading, and instructs the light
source 107 to be turned off.

On the other hand, i1 the user designates using the opera-
tion unit 122 the two-sided reading mode as the reading
operation mode (NO 1n step S201), the control unit 120 starts
controlling two-sided reading. More specifically, the control
umt 120 instructs the sheet feed roller 104 to convey the
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document 102 to the reading position of the CIS reading unit
106. In step S202, upon recerving the instruction, the sheet
teed roller 104 conveys the document 102.

In step S203, the control unit 120 determines whether the

document 102 has reached the reading position of the CIS
reading umt 106. If the document 102 has reached such a
position (YES 1n step S203), the control unit 120 performs
capturing control of the image data in the document 102.
More specifically, in step S204, the control unit 120 instructs
the back side light source lighting control unit 210 that per-
forms lighting control of the light source 107 used 1n the first
reading unit to turn on the light source 107.
In step S205, after the light source 107 1s turned on, the
light reflected from the document 102 is input to the CIS
reading unit 106. A sensor device in the CIS reading unit 106
then converts the recerved light to an electric signal and out-
puts the signal.

In step S205, step S206, and step S207, the control unit 120

outputs 1nstructions to each of the components, so that docu-
ment reading control 1s continuously performed. When the
trailing end portion of the document 102 passes through the
end portion detection sensor 105 (refer to FIG. 11B), the end
portion detection sensor 103 outputs to the control unit 120 a
signal indicating that the trailing end portion of the document
102 has passed through.

Upon recewving the output signal from the end portion
detection sensor 105, the control unit 120 performs reading
control of the back side of the document 102, limited to a
number of lines from the position of the end portion detection
sensor 105 to the back side reading position. Such a process 1s
performed so that the CIS reading unit 106 reads the region to
the trailing end portion of the document. The process 1s per-
tormed by the control unit 120 that stores the number of lines
remaining for reading the back side image data and the num-
ber of lines remaining for reading the front side 1image data of
the document 102.

In step S207, the control unit 120 determines whether the
document 102 has reached the reading end position of the CIS
reading unit 106. It the CIS reading umit 106 has completed
reading the back side image data of the document 102 (YES
in step S207), the control unit 120 performs control to turn off
the light source 107 for reading the back side image data. The
control unit 120 performs such control after a predetermined
time has elapsed, or after performing predetermined convey-
ance control. More specifically, 1in step S208, the control unit
120 1nstructs the back side light source lighting control unit
210 to turn off the light source 107.

The document reading operation performed by the CCD
reading unit 114 1n step S107 illustrated i FIG. 3 will be
described 1n detail below with reference to FIG. 5. FIG. S1s a
control flow of the CCD reading unit 114 and the light source
115. Each step in the flowchart 1llustrated 1n FIG. 5 1s realized
by the CPU (not illustrated) included in the control unit 120
executing a program read out from a memory (e.g.,a ROM)1n
the control unit 120.

In step S301, after the document reading operation 1s
started, the document 1s conveyed to the reading start position
of the CCD reading unit 114. The conveyance level (1.e., the
conveyance speed) of the document 102 by the drive control
of the sheet feed roller 104 1s defined by the number of steps
the motor 1s driven by the control unit 120.

More specifically, aiter the document 102 reaches the end
portion detection sensor 105, the control unit 120 can deter-
mine an amount by which the motor 1s to be driven for the
leading end portion of the document 102 to reach the reading
position of the CCD reading unit 114.
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In step S302, the control unit 120 determines whether the
leading end portion of the document 102 has reached the
lighting start position of the light source 115 for performing
reading control of the front side. If the leading end portion of
the document 102 has reached such a position (YES 1n step
S302), the process proceeds to step S303. In step S303, the
control unit 120 performs lighting control of the light source
115 to prepare for reading to be started.

In step S304, the control unit 120 determines whether the
document 102 has reached the front side reading start position
by conveyance control of the sheet feed roller 104 and the
conveyance rollers 109, 110, and 111. FIG. 11A 1illustrates a
state 1n which the document 102 reaches the front side reading,
position by drive control of the sheet feed roller 104. If the
document 102 reaches such a position (YES in step S304), the
process proceeds to step S305. In step S305, the control unit
120 starts performing reading control of the image data 1n the
front side of the document 102.

In step S306, the control unit 120 performs conveyance
control of the document 102 using the conveyance roller 112
disposed downstream side o the conveyance rollers 109, 110,
111, and the front side reading position. At the same time, the
control unit 120 also performs reading control of the image
data on the front side. FIG. 12A 1llustrates such a state.

In step S307, the control unit 120 determines whether the
trailing end portion ol the document 102 has reached the front
side reading position. FIG. 12B 1llustrates a state in which the
trailing end portion ol the document 102 has reached the front
side reading position. The control unit 120 determines the
remaining number of lines to be read on the front side of the
document, based on the time point at which the trailing end
portion of the document 102 has passed through the end
portion detection sensor 105. FIG. 12B thus illustrates a state
in which the control unit 120 has performed control for con-
veying the document by such remaining number of lines.

If the control unit 120 determines that the trailing end
portion of the document 102 has reached the front side read-
ing position as illustrated in FI1G. 12B (YES 1n step S307), the
control unit 120 ends reading control of the front side of the
document 102. In step S308, the control unit 120 determines
whether the document 102 has reached a lighting end posi-
tion, 1.e., a predetermined time has elapsed from the end of
reading control of the front side, or conveying control has
been performed by predetermined number of steps. If the
control unit 120 determines that the document 102 has
reached the lighting end position (YES 1n step S308), the
process then proceeds to step S309. In step S309, the control
unit turns oif the light source 1135 used for reading the front
side of the document 102.

(Light Quantity Control of the Light Source when Reading
the Document)

Control of the quantities of light emitted from the light
sources 107 and 115 that correspond to the CIS reading unit
106 and the CCD reading unit 114 respectively will be
described below with reference to FIGS. 9A and 9B.

FIG. 9A 1illustrates changes in the light quantity when
controlling the light source 107 1n performing one-sided read-
ing (1.e., front side reading) of the document. Referring to
FIG. 9A, time at which reading control i1s performed 1s 1ndi-
cated on a horizontal axis, and a change 1n the light quantity
of the light source 107 or the light source 115 1s indicated on
a vertical axis.

Further, referring to FI1G. 9A, a change 1n the light quantity
of the light source 107 that 1s used for reading the back side of
the document 1s indicated by a solid line. A change 1n the light
quantity of the light source 113 that i1s used for reading the
front side of the document 1s indicated by a broken line.
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Furthermore, t0 to t11 indicate the time points at which the
state of the light source 107 or of the light source 1135 changes.
Moreover, LO' indicates a maximum level of the light quan-
tity emitted from the light source 107, and L1 indicates a
maximum level of the light quantity emitted from the light
source 115. The maximum level of the light quantity emitted
from the light source 107, 1.e., LO', 15 set to be clearly distin-
guishable from LO, 1.e., amaximum level of the light quantity
emitted from the light source 107 when performing two-sided
reading of the document.

When performing one-sided reading of the document, the
light source unit reduces the quantity of light emaitted to the
document during the period other than when the CIS reading
unit 106 1s reading the leading end and the trailing end por-
tions of the document to be read. Such light quantity control
will be described below.

At timing t0, the light source 107 for reading the back side
of the document 102 1s turned on (1.¢., t0 1s the timing at which
the process of step S211 illustrated 1n FIG. 4 1s performed).
The CIS reading unit 106 starts reading the image data on the
back side of the document 102 at timing t1 when the quantity
of light emitted from the light source 107 for reading the back
side becomes stable (1.e., t1 1s the timing at which the process
of step S212 is performed). Further, the light source 113 for
reading the front side of the document 102 1s turned on at
timing t2 (1.e., the process of step S303 1llustrated 1n FIG. §).

Control for turning off the light source 107 for reading the
back side 1s performed at timing t3 (1.e., t3 1s the timing at
which step S215 1s performed). The CIS reading unit 106
which reads the back side of the document 102 then ends
reading the leading end portion of the document 102 (1.e., the
process of step S215 1s performed). The light source 107 for
reading the back side becomes turned off at timing t5.

The CCD reading unit 114 for reading the front side of the
document starts reading (1.e., performs the process of step
S305) at timing t4 when the quantity of light emitted from the
light source 115 becomes stabilized. The light source 107 1s
turned on again at timing t6 at which the trailing end portion
of the document 102 reaches the reading start position of the
CIS reading unit 106 (1.e., t6 1s the timing at which the process
of step S218 1s performed).

The CIS reading unit 106 starts reading at timing t7 when
the quantity of light emitted from the light source 107
becomes stabilized (1.e., t7 1s the timing at which the process
of step S219 1s performed for the first time). The light source
107 for reading the back side continues to be turned on until
the CIS reading unit 106 reads the image data in the trailing
end portion of the document 102. Control to turn off the light
source 107 1s performed at timing t8 (1.e., at which the process
of step S222 1s performed). The light source 107 1s turned off
at t9.

The CCD reading unit 114 continues to read the document
102 even after the CIS reading unit 106 ends reading. The
light source 115 1s turned oif when the CCD reading unit 114
reads the final line of the document 102 at t10 (1.¢., the process
of step S309 has been performed). The light source 115 1s
turned off at t11.

As 1illustrated 1n FIG. 9A, the image reading apparatus
according to the present exemplary embodiment twice per-
forms control to turn on and off the light source 107 for
reading the back side of the document 102. The light source
107 1s turned on, first for reading the leading end portion of
the document 102, and second for reading the trailing end
portion of the document 102. The document 102 1s conveyed
starting from a start time ts and 1s continuously conveyed until
the trailing end portion of the document 102 1s separated from
the sheet discharge roller 117.
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Further, since the image data on the front side of the docu-
ment 102 1s read while the light source 107 1s turned on, the
quantity of light emaitted from the light source 107 become
clearly different from that of the light source 115. In other
words, the light quantity 1s increased as compared to when
normally reading the back side, so that the document 1s read
using the transmitted light.

For example, 1f the image reading apparatus reads the
image data illustrated in F1G. 14 A, areading result 1s acquired
as 1llustrated 1n FI1G. 14B. Referrning to FI1G. 14B, the leading
end portion and the trailing end portion of the document 102
are read by turning the light source 107 on and increasing the
light quantity. The image data on the front side of the docu-
ment 102 can thus be read.

I1 the 1mage data 1s color image data, the image data can be
read at a level in which the result can be recognized as a color
image, even when the image data 1s read using the transmaitted
light. The result can thus be used 1n color determination of the
image. A region 1302 1s a region in which the light source 107
1s turned off, so that the transmitted document 1image data
cannot be read.

Lighting control of the light source 107 and the light source
115 when reading two sides of the document image data will
be described below with reference to FIG. 9B. Referring to
FIG. 9B, T0, T1, T2, T3, T4, TS5, T6, and T7 indicate time
points at which the state of the light source 107 or the light
source 115 changes. Furthermore, L0 1indicates a maximum
level of the light quantity of the light source 107, and L1
indicates a maximum level of the light quantity of the light
source 115.

When two-sided reading 1s started (at T's, 1.e., reading start
timing), the light source 107 for reading the back side of the
document 102 1s turned on at timing T0 (1.e., T0 1s the timing
at which the process of step S203 illustrated in FIG. 4 1s
performed). The CIS reading unit 106 then reads the image
data on the back side of the document 102, starting at timing
T1 at which the quantity of light emitted from the light source
107 for reading the back side becomes stable (1.e., T1 1s the
timing at which the process of step S205 1s performed for the
first time).

At timing 12, the light source 115 for reading the front side
of the document 102 1s turned on (i.e., T2 1s the timing at
which the process of step S303 1s performed). The CCD
reading unit 114 reads the image data on the front side,
starting at timing T3 at which the quantity of light emitted
from the light source 115 for reading the front side becomes
stable (1.e., T3 1s the ttiming at which the process of step S305
illustrated in FIG. 5 1s performed for the first time).

Reading control of the document 102 1s then performed by
maintaining the light quantities of the light source 107 and the
light source 115 constant. The CIS reading unit 106 ends
reading the back side of the document 102 at timing T4 (1.¢.,
the detection timing 1n the process of step S207). The light
source 107 for reading the back side then becomes turned off
at timing T3 (1.e., the timing at which the process of step S208
1s performed).

The CCD reading unit 114 ends reading the front side of the
document at timing 16 (1.e., the detection timing 1n the pro-
cess of step S307). The light source 115 for reading the front
side then becomes turned off at timing T7 (1.e., the timing at
which the process of step S309 1s performed).

In FIG. 9B, the maximum light quantities of the light
source 107 and the light source 115 are indicated as L0 and L1
whose values are different (1.e., L0>L1). However, 1t 1s not
necessary for the light quantity of the light source 107 for
reading the back side to be greater. The maximum values of
the light quantities of the light source 107 and the light source
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115 are determined as follows. The maximum values are
determined within a range 1n which, when light 1s emitted to
the document image data of the document 102, the image data
on the side that 1s not being read 1s not input to the reading unit
on the side to be read, due to the transmission of light through
the document 102.

(Color Determination Operation)

The color determination process performed on the docu-
ment 1mage data read by the CIS reading unit 106 will be
described below with reference to FIG. 6. Each step 1n the
flowchart illustrated 1n FIG. 6 1s realized by the CPU (not
illustrated) included 1n the control unit 120 executing a pro-
gram read out from a memory (e.g., a ROM) 1n the control unit
120.

In the case of the two-sided reading mode, the control unit
120 controls the back side reading region document determi-
nation unit 216 so that the leading end and the trailing end
portions among the document 1image data on the back side
read by the CIS reading unit 106 are not used 1n the color
determination. The back side document determination unit
218 thus performs color determination by excluding the lead-
ing end and the trailing end portions, according to the mstruc-
tion from the control unit 120.

In the case of the one-sided reading mode, the control unit
120 controls the back side reading region document determai-
nation unit 216 so that the CIS reading unit 106 only reads the
leading end and the trailing end portions of the document
image data on the front side of the document 1n which there 1s
the ofiset. The back side document determination unit 218
thus performs color determination on the leading end and the
trailing end portions, according to the mstruction from the
control unit 120.

As a result of performing such processes, the effect of
erroneously determining the document based on the leading
end and the trailing end portions of the document due to
conveyance control 1s improved. The image can be read at the
reading position of the CIS reading unit 106 for reading the
back side of the document 102 without the effect of shift and
distortion caused by the conveyance rollers 109, 110, 111,
and 112. A stable image can thus be acquired, as compared to
reading the document using the CCD reading unit 114.

Referring to FIG. 6, 1n step S401, the control umt 120
determines the reading operation mode 1nput to the operation
unit 122 by the user. Ifthe control unit 120 determines that the
reading operation mode input by the user 1s the two-sided
reading mode (NO 1n step S401), the controller umt 120
outputs to the related components, the 1nstruction to convey
the document mounted on the document mounting umt 101.
Uponreceiving the instruction, the sheet feed roller 104 or the
related conveyance roller starts conveyance control.

In step S402, the control unit 120 conveys the document
102 on the conveyance path 103, and the CIS reading unit 106
outputs the 1mage data read from the back side of the docu-
ment 102 converted to the electrical signal.

In step S403, upon nput of the image data read from the
back side of the document 102, the back side reading region
document determination unit 216 determines whether the
image data 1s 1n the region of the 1image data for performing
document determination, according to the instruction from
the control unit 120. If the back side reading region document
determination unit 216 detects that the determination region
has been reached (YES 1n step S403), the back side reading
region document determination unit 216 outputs the input
image data to the subsequent back side document determina-
tion unit 218.

As described above, if the conveyance path in the image
reading apparatus 1s curved as illustrated in FIG. 1, convey-
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ance ol the leading end and the trailing end portions of the
document becomes unstable at the reading position of the
CCD reading unit 114 1n the 1image reading apparatus. As a
result, color misregistration 1s generated when performing
reading control. The leading end and the trailing end portions
of the document 1image are thus not mput to the front side
document determination unit 209 when reading the front side
of the document.

Such a process 1s performed by the front side reading
region document determination unit 207 according to an
instruction from the control umt 120. FIG. 13 1llustrates an
example of a region determination by the front side reading

region document determination unit 207.

Referring to FIG. 13, a main scanning direction of the
document 1image data 1s indicated 1n the horizontal direction,
and a sub-scanning direction of the document 1image data 1s
indicated 1n the vertical direction. A shaded region 1202 1n
document image data 1201 indicates a region that the front
side reading region document determination unit 207 outputs
to the subsequent front side document determination unit 209.

—

T'he front side reading region document determination unit
207 does not output to the front side document determination
unit 209 a number of pixels 1n the leading end 1203 that
corresponds to the range of the leading end portion when
document reading control 1s performed. Further, the front side
reading region document determination unit 207 does not
output to the front side document determination unit 209 a
number of pixels in the trailing end 1204 that corresponds to
the range of the trailing end portion when performing docu-
ment reading control.

Furthermore, regions 12035 and 1206 1llustrated 1n FI1G. 13
indicate mask regions on leit and rnight end portions of the
document. The mask regions 12035 and 1206 are set to avoid
an effect of punched holes 1n the reading document or shad-
ows 1n the right and left ends that are generated when reading
the document, not to avoid color misregistration caused by
conveyance control.

In step S404 1llustrated 1n FIG. 6, the back side document
determination unit 218 determines for each pixel whether the
input 1mage data 1s color image data, according to an instruc-
tion from the control unit 120. In step S405, the back side
document determination umt 218 accumulates the determi-
nation result.

In step S406, the back side reading region document deter-
mination unit 216 determines whether all of the image data in
the document determination region has been iput. If the back
side reading region document determination unit 216 deter-
mines that not all of the image data 1n the document determi-
nation region has been mput (NO 1n step S406), the process
proceeds to step S407. In step S407, the back side document
determination unit 218 performs a similar process on the
image data input in synchronization with conveyance control.
If the back side reading region document determination unit
216 determines that all of the image data in the document
determination region has been input (YES 1n step S406), the
process proceeds to step S408. In step S408, the back side
document determination unit 218 determines an attribute of
the document data in the read back side, 1.e., whether the
document1s a color document or amonochrome document. In
step S409, the back side document determination unit 218
stores the determination result.

On the other hand, 1f the reading operation mode is the
one-sided reading mode (reading of the front side of the
document) (YES in step S401), the control unit 120 outputs to
the related components, an istruction to convey the docu-
ment 102 mounted on the document mounting unit 101. Upon
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receiving the instruction, the sheet feed roller 104 or the
related conveyance roller starts conveyance control.

In step S410, the control unit 120 conveys the document
102 on the conveyance path 103, and the CIS reading unit 106
outputs to the back side reading region document determina-
tion unit 216 the 1image data converted to the electrical signal.

The back side reading region document determination unit
216 then outputs to the subsequent back side document deter-
mination unit 218, only the leading end and the trailing end
portions of the input document 1image data. Such regions as
described above are regions at the leading end or the trailing
end portions of the front side of the document 102 in which
the conveyance speed of the document does not become sta-
bilized. Such regions contain image information in which the
front side of the document 1s offset.

In step S411, the back side reading region document deter-
mination umt 216 which is controlled by the control unit 120
thus determines whether the input 1image data 1s 1n the leading
end determination start region. If the back side reading region
document determination unit 216 determines that the mput
image data 1s 1n the leading end determination start region
(YES instep S411), the subsequent image data is output to the
subsequent back side document determination unit 218.

In step S412, the back side document determination unit
218 determines by pixel unit whether the input image data 1s
color image data, according to the instruction of the control
unit 120. In step S413, the back side document determination
unit 218 accumulates the determination result. In step S414,
the back side reading region document determination unit
216 determines whether all of the 1mage data 1n the leading
end portion 1n which the color determination of the document
1s to be performed has been put. If the back side reading
region document determination unit 216 determines that not
all the image data in the leading end portion in which the color
determination of the document is to be performed has been
input (NO 1n step 414), the process proceeds to step S415. In
step S415, the back side document determination unit 218
performs the similar process on the mput image data 1n syn-
chronization with conveyance control. If the back side read-
ing region document determination unit 216 determines that
all of the image data in the leading end portion 1n which the
color determination of the document 1s to be performed has
been input (YES 1n step S414), the back side reading region
document determination unit 216 again starts a masking pro-
cess of the input 1mage data.

In step S416, the back side reading region document deter-
mination unit 216 determines whether the image data that 1s
input in synchronization with conveyance control has reached
the determination start region of the trailing end portion. If the
back side reading region document determination umt 216
determines that the input 1mage data has reached the deter-
mination start region of the trailing end portion (YES 1n step
S5416), the process proceeds to step S417. In step S417, the
back side reading region document determination unit 216
outputs the input image data to the back side document deter-
mination unit 218.

In step S418, the back side document determination unit
218 again determines by pixel unit whether the input image
data includes color. In step S419, the back side document
determination unit 218 accumulates the determination result
by adding to the accumulation result of the leading end por-
tion. In step S420, the back side reading region document
determination unit 216 determines whether all of the image
data 1n the determination region has been input. If the back
side reading region document determination unit 216 deter-
mines that not all of the image data in the determination
region has been mput (NO 1n step S420), the process proceeds
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to step S421. In step S421, the back side document determi-
nation unit 218 performs a similar process on the image data
input 1 synchronization with conveyance control.

If the back side reading region document determination
unit 216 determines that all of the image data in the determai-
nation region has been input (YES 1n step S420), the process
proceeds to step S422. In step S422, the back side document
determination unit 218 determines an attribute of the docu-
ment data, 1.e., whether the document 1s a color document or
a monochrome document. In step S423, the back side docu-
ment determination unit 218 outputs to the front side docu-
ment determination unit 209, the determination result as a
determination result signal 219 illustrated 1n FIG. 2.

The process for controlling the front side document deter-
mination unit 209 that performs color determination of the
image data acquired from the CCD reading unit 114 will be
described below with reference to FIG. 7. Each step 1n the
flowchart illustrated 1n FIG. 7 1s realized by the CPU (not
illustrated) included 1n the control unit 120 executing a pro-
gram read out from a memory (e.g.,a ROM) in the control unit
120.

When the reading operation 1s started, the control unit 120
instructs the sheet feed roller 104 to feed the document 102.
The document feed roller 104 then picks up and places on the
conveyance path 103, each page of the document 102
mounted on the document mounting unit 101.

In step S501, the document 1mage data 102 1s conveyed to
the reading position by document conveyance control, and the
document 1mage data i1s mput. In step S502, the front side
reading region document determination unit 207 determines
whether the mput image data 1s to be used 1n document
determination.

More specifically, 1f the front side of the document is to be
read, the front side reading region document determination
unit 207 determines whether to output to the subsequent front
side document determination unit 209 the read 1mage data
that has been input. In the case of the one-sided reading mode,
such a determination 1s based on whether the 1mage data
region 1s 1n the region excluding the leading end portion of the
document (1.e., the region 1202 illustrated in FIG. 12)
described above.

If the front side reading region document determination
umt 207 determines that the input 1mage data 1s in the docu-
ment determination region (YES 1n step S502), the front side
reading region document determination umt 207 outputs the
input 1image data as the image data 208 to be used in deter-
mination, according to the instruction from the control umit
120. In step S503, the front side document determination unit
209 performs determination using the mput image data, 1.e.,
determines the attribute for each input pixel. In step S504, the
front side document determination unit 209 accumulates the
determination result.

In step S505, the front side reading region document deter-
mination unit 209 determines whether all of the input 1image
data has been determined. If the front side reading region
document determination unit 207 determines that not all the
input 1mage data has been determined (NO 1n step S505), the
process proceeds to step S506. The front side document deter-
mination unit 209 then repeatedly performs determination
control on all of the image data input via the front side reading
region document determination unit 207, according to the
instruction from the control unit 120.

If the front side reading region document determination
umt 207 determines that determination control of all of the
image data has been completed (YES 1n step S505), the
process proceeds to step S507. In step S3507, the front side
document determination unit 209 determines the mput docu-
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ment image data. In step S508, the front side document deter-
mination umt 209 stores the determination result. In step
S509, the control unit 120 determines the document reading
mode. If the document reading mode 1s the one-sided reading
mode (YES 1n step S509), the process proceeds to step S510.
In step S510, the front side document determination unit 209
acquires the determination signal 219 output from the back
side document determination unit 218.

The final color document determination performed by the
control unit 120 will be described below. FIG. 8 1s a flowchart
illustrating a process performed by the control umt 120 when
the document 102 has been read. Each step in the tflowchart
illustrated 1n FIG. 8 1s realized by the CPU (not illustrated)
included 1n the control unit 120 executing a program read out
from a memory (e.g., a ROM) in the control unit 120.

In the case where the image data on both sides of the
document 102 1s to be read, the control unit 120 performs,
when acquisition of the read 1mage data has been completed,
control according to the reading mode. In step S601, the
control unit 120 determines the document reading mode. If
the control unit 120 determines that the reading mode 1s the
two-sided reading mode (NO 1n step S601), the control unit
120 refers to the color determination results stored in each of
the front side document determination unit 209 and the back
side document determination unit 218. In step S602, the con-
trol unit 120 refers to the determination result of the front side
document determination unit 209. In step S603, the control
unit 120 then determines whether the image 1n the front side
of the document includes color.

In step S604, the control unit 120 refers to the back side
document determination unit 218. In step S605, the control
unit 120 determines whether the image 1n the back side of the
document i1ncludes color. The results of the determination
performed by the control unit 120 are used 1n selecting the
parameters for later performing image processing of the
document 1mage data.

On the other hand, 11 the control unit 120 determines that
the reading mode 1s the one-sided reading mode (1.e., front
side reading) (YES 1n step S601), the process proceeds to step
S606. In step S606, the control unit 120 refers to the deter-
mination result stored in the front side document determina-
tion unit 209, and determines whether the image in the front
side of the document 1includes color. The result stored 1n the
front s1ide document determination unit 209 retlects the deter-
mination result of the back side document determination unit
218 in the one-sided reading mode (i.e., front-side reading).

In step S607, the control unit 120 performs, by referring to
the document determination result stored in the front side
document determination unit 209, the final color determina-
tion of the one-sided document 1mage data.

If the image 1n the document 1ncludes a color pixel, the
control unit 120 determines that the document 1s a color
document. On the other hand, if the image in the document
does notinclude a color pixel, the control unit 120 determines
that the document 1s a monochrome document 1nstead of a
color document.

The determination result of the control unit 120 1s used in
selecting the parameters for performing subsequent 1image
processing of the document image data.

When performing one-sided reading (front side reading),
the above-described control allows the reading unit for read-
ing the image data on the back side of the document, to be
used 1n acquiring the image data in the region 1n which the
image data to be read becomes unstable due to mechanical
restrictions.

According to the present exemplary embodiment, 1n a case
where the reading apparatus performs one-sided reading, the
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reading apparatus uses the back side reading unit to read the
image data 1n a portion 1n which reading errors may occur
when read by the front side reading unit. Determination accu-
racy 1s thus improved. Further, lighting control 1s performed
on the light source limited to a region to be read by the back
side reading unit, and the quantity of light emitted from the
light source 1s adjusted according to the paper type of the
document 1mage data. As a result, excessive power consump-
tion can be reduced.

Furthermore, according to the present exemplary embodi-
ment, the CIS reading unit 106 facing the back side of the
document 1s used 1n the one-sided reading mode to read the
leading end and the trailing end portions of the front side of
the document. However, 1t 1s not limited thereto, and the CIS
reading unit 106 may read the entire front side of the docu-
ment.

Moreover, according to the present exemplary embodi-
ment, color document determination 1s performed by appro-
priately controlling the lighting position or the light quantity
of the light sources for reading the front side and the back side
of the document. It 1s thus not necessary to extract the color
difference component and accumulate the determination
results for each pixel for performing document determina-
tion, and other methods may also be used.

Further, according to the present exemplary embodiment,
it 1s determined whether the document 1s a monochrome
document that includes a black and white 1mage, or a color
document that includes a color image. However, this 1s not
limited thereto, and the embodiments may be used for deter-
mining whether the document includes white and blue 1images
or other colors. In such a case, other methods may be
employed, such as separating the read 1mage information to a
luminance component and the color difference component, or
determining each pixel based on an intensity of each of red,
green, and blue colors.

According to the first exemplary embodiment, color deter-
mination of the document and deciding on the region 1n the
document to be used in color determination are performed by
the front side document determination unit 209, the back side
document determination unit 218, the front side reading
region document determination unit 207, and the back side
reading region document determination unit 216 1n the pro-
cessing circuit 122.

According to another exemplary embodiment, the pro-
cesses are not limited to being performed by the above-de-
scribed components. The processes may be realized by the
CPU 1n the control unit 120 executing programs stored 1n a
memory 1n the control unit 120 for performing the processes
illustrated in FIG. 6 and FIG. 7.

For example, the CPU in the control unit 120 mainly

executes each of the processes 1n step S403 to step S406, step
S408, step S411 to step S414, step S417 to step S420, and step

S422 1llustrated 1n FIG. 6. Further, the CPU 1n the control unit
120 mainly executes each of the processes in step S3502 to step
S505, step S507, and step S510 1llustrated in FIG. 7.

Further, the embodiments may be applied to apparatuses
other than the 1mage reading apparatus including the front
side reading sensor and the back side reading sensor
described 1n the first exemplary embodiment. For example,
the embodiments may be applied to an 1image reading appa-
ratus that does not include a reading sensor for reading the
back side as illustrated in FIG. 1.

In such a case, the CCD reading unit 114 reads the region
other than the leading end and the trailing end portions of the
tront side of the document. The sheet discharge roller 117 and
the conveyance rollers 109, 110, 111, and 112 are then
inversely rotated, so that the document 1s conveyed 1n an
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opposite direction. The trailing end portion of the document
102 1s thus read by the CCD reading unit 114.

In the above-described example, the same CCD reading

unit 114 reads the trailing end portion. However, the convey-
ance path 103 when the document 102 passes through the
reading unmit 114 1s different. Referring to FIG. 1, a portion of
the conveyance path 103 around the sheet discharge roller
117, and the conveyance rollers 112 and 111 1s not curved as
compared to the portion of the conveyance path 103 around
the conveyance rollers 109, 110, and 111. The reading error
caused by conveyance may thus be reduced at least in the
trailing end portion of the document 102.

Furthermore, two reading units may be disposed at posi-
tions facing the front side of the document. In such a case, the
document 1s read by a reading unit in which less reading error
1s generated with respect to a region in the document, so that
the reading error due to conveyance may be reduced.

Moreover, the determination accuracy 1n the embodiments
may be further improved when the document 1s a one-sided
document, 1n which one side includes the information to be
read and the other side i1s blank. The embodiments may be
applied to reading a one-sided document even when the back
side 1s not blank.

The embodiments are applicable to a document reading
system 1ncluding a plurality of external apparatuses, each of
which includes a portion of the apparatus.

Further, according to the first exemplary embodiment, the
front side of the document (1.¢., an example of a first side) 1s
the side which 1s facing upwards when the document 1s set on
the document stage. In such a case, the image on the front side
(1.e., an 1mage on the first side) 1s read by the CCD reading
unit 114 (1.e., a first reading unit).

Furthermore, according to the first exemplary embodi-
ment, the back side of the document (i.e., an example of a
second side) 1s the side which 1s facing downwards when the
document 1s set on the document stage. In such a case, the
image on the back side (1.e., an 1image on the second side) 1s
read by the CIS reading unmit 106 (1.e., a second reading unit).
Moreover, the CIS reading unit 106 (the second reading unit)
reads the light transmitted through the front side of the docu-
ment by increasing the light quantity of the light source.

Aspects can also be realized by a computer of a system or
apparatus (or devices such as a CPU or MPU) that reads out
and executes a program recorded on a memory device to
perform the functions of the above-described embodiments,
and by a method, the steps of which are performed by a
computer of a system or apparatus by, for example, reading
out and executing a program recorded on a memory device to
perform the functions of the above-described embodiments.
For this purpose, the program is provided to the computer for
example via a network or from a recording medium of various
types serving as the memory device (e.g., computer-readable
medium). In such a case, the system or apparatus, and the
recording medium where the program 1s stored, are included
as being within the scope of the embodiments. In an example,
a computer-readable medium may store a program that causes
an 1mage reading apparatus to perform a method described
herein. In another example, a central processing unit may be
configured to control at least one umt utilized in a method or
apparatus described herein.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
modifications, equivalent structures, and functions.
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This application claims priority from Japanese Patent
Application No. 2010-027918 filed Feb. 10, 2010, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. An image reading apparatus, comprising;:

a first reading unit configured to read an 1image on a first
side of a document conveyed through a document con-
veyance path;

a second reading unit configured to read an 1image on a
second side which 1s different from the first side on the
document conveyed through the document conveyance
path;

a control unit configured to control the second reading unit
to read, from the second side of the document, an 1mage
in a first region on the first side of the document and
control the first reading unit to read an 1mage in a second
region on the first side, wherein the second region of the
first side 1s different from the first region of the first side;
and

a determination unit configured to determine whether a
color image 1s included in the 1mage on the first side
according to the image 1n the first region on the first side
read by the second reading unit from the second side of
the document and the image in the second region on the
first s1de read by the first reading unit.

2. The 1mage reading apparatus according to claim 1,
wherein the first reading unit reads the image 1n the second
region using light reflected from the first side of the docu-
ment, and the second reading unit reads the 1mage in the first
region using light transmitted through the first side of the
document.

3. The mmage reading apparatus according to claim 1,
wherein the first region 1s started from a leading end, in a
document conveying direction, of the document conveyed
through the document conveyance path.

4. The image reading apparatus according to claim 1,
wherein the second reading unit reads an 1image on a second
side of a document by reading light emitted from a light
source to the document, and

wherein the light source emits a quantity of light to the
document when reading light transmitted through the
first side of the document that 1s greater than a quantity
of light emaitted to the document when reading a second
side of the document.

5. The mmage reading apparatus according to claim 4,
wherein the light source emits a reduced quantity of light to
the document during a period other than a period 1n which the
second reading unit reads an 1mage in a region that 1s different
from the first region.

6. The image reading apparatus according to claim 1,
wherein, after the control unit controls the second reading
unit to read, from the second side of the document, an 1mage
in the first region on the first side of the document and controls
the first reading unit to read an 1mage in the second region
following the first region of the first side, the control unit
further controls the second reading unit to read, from the
second side of the document, an 1mage 1n a third region
tollowing the second region on the first side of the document.

7. A control method for controlling an image reading appa-
ratus, the control method comprising:

reading, using a first reading unit, an image on a first side of
a document conveyed through a document conveyance
path;

reading, using a second reading unit, an image on a second
side which 1s different from the first side on the docu-
ment conveyed through the document conveyance path;
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controlling the second reading unit to read, from the second
side of the document, an 1mage 1n a first region on the
first side of the document and controlling the first read-
ing unit to read an 1mage 1n a second region on the first
side, wherein the second region of the first side 1s differ- 5
ent from the first region of the first side; and
determining whether a color image is included 1n the image
on the first side according to the image in the first region
on the first side read by the second reading unit from the
second side of the document and the image 1n the second 10
region on the first side read by the first reading unit.
8. A non-transitory computer-readable medium storing a
program that causes an 1image reading apparatus to perform
the control method according to claim 7.

x x * Cx x 15
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